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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable efficient 
exhaust emission control by using electric 
discharge. 

SOLUTION: Insulating substrate 16, 17 are 
arranged in parallel with a prescribed space, a 
flow path 15 for exhaust gas is formed between 
each insulating substrate 16, 17, also coating of 
a catalyst is applied to a surface of each 
insulating substrate 16, 17. Each flow path 15 is 
provided with by mixing a part (discharge part A 
generating discharge) counter posing discharge 
electrodes 18, 19 embedded in the insulating 
substrates 16, 17 and a nondischarge part B 
generating no discharge. Since a purifying 
window of the discharge part A exists in a region 
of temperature which is lower than that of a 
purifying window of the nondischarge part B 
(catalyst), exhaust gas is purified mainly in the 
discharge part A in a spot of temperature lower 
than the purifying window of the nondischarge 




part B, on the contrary, exhaust gas is purified mainly in the nondischarge part B in a spot 
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of temperature higher than the purifying window of the discharge part A. In this way, in 
whatever way the distribution of temperature may change in this exhaust gas purifier 
device 11, the exhaust gas can be purified in either one of the discharge part A or the 
nondischarge part B. 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l]By making two or more discharge electrodes counter across a channel through 
which exhaust gas of an internal-combustion engine flows, and generating discharge in this 
channel. Said discharge electrode is constituted so that a portion (henceforth a "discharge 
section") which discharge produces in said channel, and a portion (henceforth "a non- 
discharge section") which discharge does not produce may be made intermingled in a diesel- 
particulate filter of an internal-combustion engine which purifies exhaust gas, A diesel- 
particulate filter of an internal-combustion engine providing a catalyst in a non-discharge 
section at least. 

[Claim 2]A diesel-particulate filter of the internal-combustion engine according to claim 1, 
wherein an internal surface of said channel is coated with said catalyst. 
[Claim 3]A diesel-particulate filter of the internal-combustion engine according to claim 1 or 
2 changing a ratio of said discharge section and said non-discharge section according to 
temperature distribution in a diesel-particulate filter. 

[Claim 4]A diesel-particulate filter of the internal-combustion engine according to any one 
of claims 1 to 3 constituting so that the upstream part of said discharge section in a diesel- 
particulate filter may become less than a downstream. 

[Claim 5]A diesel-particulate filter of the internal-combustion engine according to any one 
of claims 1 to 4 constituting so that the center section of said discharge section in a diesel- 
particulate filter may become less than a periphery. 

[Claim 6]A diesel-particulate filter of the internal-combustion engine according to any one 
of claims 1 to 5, wherein all the exhaust gas which flows through inside of said channel has 
arranged said discharge section and said non-discharge section once [ at least ] so that a 
discharge section may be passed. 



[Translation done.] 
* NOTICES * 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the diesel-particulate filter of the internal- 
combustion engine which promotes the cleaning reaction of exhaust gas using discharge. 
[0002] 

[Description of the Prior Art]In recent years, the new emission-gas-purification art which 
purifies exhaust gas using spark discharge energy is studied. For example, arranging two or 
more plate electrodes in parallel with a prescribed interval, impressing alternating current 
high voltage between each discharge electrode, and forming uniform discharging space in a 
discharge system diesel-particulate filter, as shown in a U.S. Pat. No. 5746051 gazette. 
There are some which purified exhaust gas by passing exhaust gas to the channel between 
each discharge electrode. 
[0003] 

[Problem(s) to be Solved by the Invention ]Although the temperature requirement called the 
purification window where a purifying rate becomes high with temperature like catalytic 
converters, such as a three way component catalyst, also in such a discharge system diesel- 
particulate filter exists and a high purifying rate is acquired in this purification window, 
When it separates from a purification window, there is the characteristic that a purifying 
rate falls rapidly. When it becomes an elevated temperature rather than a purification 
window especially, nitrogen (N 2 ) in exhaust gas will oxidize with high temperature and 

spark discharge energy, nitrogen oxides (NOx) will be generated, and there is a possibility 
that NOx emission may increase. 

[0004]Therefore, only with a discharge system diesel-particulate filter, when it becomes the 
temperature requirement which separated from the purification window, exhaust gas 
cannot fully be purified. Then, as shown in JP,6-10652,A, when emission temperature is 
below preset temperature combining discharge system diesel-particulate filter and catalytic 
converter, Operating a discharge system diesel-particulate filter and discharge purifying 
exhaust gas, and turning off discharge and purifying exhaust gas with a catalytic converter, 
when emission temperature is higher than preset temperature is proposed. 
[0005] However, the whole has the tendency for temperature to become high rather than a 
downstream in the upstream part near an engine rather than it carries out the temperature 
change of the diesel-particulate filter uniformly, and there is a tendency for the temperature 
gradient of an upstream part and a downstream to become large especially at the time of 
acceleration. Therefore, even if the temperature of an upstream part exceeds preset 
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temperature, the temperature of a downstream has a case below preset temperature, and 
when discharge of the whole device is turned off in such a case, the rate of emission gas 
purification may fall on the contrary. But when the preset temperature of discharge turning 
on and off is set as a high temperature and the OFF stage of discharge is delayed, there is 
a possibility that the temperature of an upstream part may be an elevated temperature too 
much, and NOx may be generated, and there is a possibility that NOx emission may 
increase on the contrary. In short, since it changes variously and the temperature gradient 
in a diesel-particulate filter becomes large easily by the emission temperature and the 
exhaust gas flow rate which change according to an engine operation condition, the 
temperature distribution in a diesel-particulate filter is difficult to turn discharge of the 
whole device on and off properly with temperature. And it is necessary to constitute a 
control system so that discharge may be turned on and off based on the output of a 
temperature sensor, and the temperature sensor which detects the temperature in a diesel- 
particulate filter is needed, and there is a fault which becomes a high cost generally. 
[0006]This invention is made in consideration of such a situation, and therefore, the 
purpose, An always high purifying rate can be acquired, without seldom being influenced by 
the temperature distribution in a diesel-particulate filter, and it is in providing the diesel- 
particulate filter of the internal-combustion engine which can simplify composition and can 
also fill the demand of low-cost-izing. 
[0007] 

[Means for Solving the Problem]To achieve the above objects, claim 1 of this invention 
constitutes a discharge electrode so that a portion (henceforth a "discharge section") which 
discharge produces in a channel in a diesel-particulate filter, and a portion (henceforth "a 
non-discharge section") which discharge does not produce may be made intermingled, and 
it has composition which provided a catalyst in a non-discharge section at least. If it does in 
this way, exhaust gas which flows through a channel in a diesel-particulate filter, In a 
process in which pass a discharge section and a non-discharge section and a discharge 
section is passed, a cleaning reaction is promoted by discharge (a cleaning reaction 
promoted by both discharge and catalyst when a catalyst exists in a discharge section), it is 
a process in which a non-discharge section is passed, and a cleaning reaction is promoted 
by catalyst. 

[0008]As shown in drawing 6 , generally a purification window of a discharge section, Since 
it exists in a temperature region lower than a purification window of a non-discharge 
section, in a place of a temperature lower than a purification window of a non-discharge 
section, exhaust gas is purified mainly by a discharge section, and exhaust gas is mainly 
purified by non-discharge section on the contrary at a place of a temperature higher than a 
purification window of a discharge section. Therefore, if a discharge section and a non- 
discharge section are made intermingled, even if temperature distribution in a diesel- 
particulate filter will change how, exhaust gas can be purified by non-either a discharge 
section or a discharge section, and an always high purifying rate can be acquired, without 
seldom being influenced by temperature distribution in a diesel-particulate filter. And since 
it is not necessary to turn discharge on and off according to temperature, a temperature 
sensor is unnecessary, composition is easy, and a demand of low-cost-izing can also be 
filled. 

[0009]In this case, although a catalyst may be filled up with a thing of a pellet type in a 
channel, it may be made to coat an internal surface of a channel with a catalyst like claim 



file:////Gaikoku/scan/^.|ll'NCDjS«!t&/WA-0923US IDS/JP-A-2001-193442.htm (4/13) [2008/03/07 15:11:20] 



JP-A-200 1-193442 

2. If it does in this way, an exhaust back pressure (pressure loss) in a channel can be 
lessened, and it is not necessary to reduce an engine output. 

[0010]It may be made to change a ratio of a discharge section and a non-discharge section 
like claim 3 according to temperature distribution in a diesel-particulate filter. For example, 
at a place of a tendency for temperature in a diesel-particulate filter to become high, a ratio 
of a non-discharge section whose temperature of a purification window is higher than a 
discharge section is increased, and it is good to increase a ratio of a discharge section 
whose temperature of a purification window is lower than a non-discharge section on the 
contrary at a place of a tendency for temperature to become low. If it does in this way, 
exhaust gas can be purified according to temperature distribution in a diesel-particulate 
filter, using a discharge section and a non-discharge section efficiently, and a rate of 
emission gas purification can be raised. 

[0011]In this case, like claim 4, it may constitute so that the upstream part of a discharge 
section in a diesel-particulate filter may become less than a downstream. That is, the whole 
does not carry out the temperature change of the diesel-particulate filter uniformly, If it 
constitutes so that the upstream part of a discharge section may become less than a 
downstream since there is a tendency for temperature to become high rather than a 
downstream in the upstream part near an internal-combustion engine, a ratio of a 
discharge section and a non-discharge section can be made to correspond to temperature 
distribution of an exhaust gas flow direction. 

[0012]Generally, an exhaust gas flow rate in a diesel-particulate filter is not uniform, in the 
center section, it decreases in a periphery, and a center section with many exhaust gas flow 
rates has the tendency for temperature to become high rather than a periphery with few 
exhaust gas flow rates. 

[0013]In consideration of this point, like claim 5, it may constitute so that the center 
section of a discharge section in a diesel-particulate filter may become less than a 
periphery. If it does in this way, it can be made to correspond to temperature distribution 
which produces a ratio of a discharge section and a non-discharge section according to 
exhaust gas flow rate distribution. 

[0014]Like claim 6, all the exhaust gas of at least 1 time which flows through inside of a 
channel is good to arrange a discharge section and a non-discharge section so that a 
discharge section may be passed. If it does in this way, all the exhaust gas which flows 
through inside of a channel can be certainly exposed to discharging space, and an exhaust 
gas cleaning effect by discharge can be heightened. 
[0015] 

[Embodiment of the Invention] [Embodiment (1)] The embodiment (1) of this invention is 
hereafter described based on drawing 1 thru/or drawing 6 . As shown in drawing 5 , the 
diesel-particulate filter 11 is formed in the middle of the exhaust pipe 13 of the engine 12 
which is an internal-combustion engine. The purification housing 14 of this diesel- 
particulate filter 11 is formed more thickly than the exhaust pipe 13, in order to form many 
channels 15. 

[0016]As shown in drawing 1 , in the purification housing 14, two kinds of insulating 
substrates 16 and 17 are arranged in parallel by turns with a prescribed interval, and the 
flat channel 15 through which exhaust gas passes between each insulating substrate 16 
and 17 is formed. Each insulating substrates 16 and 17 are formed with the existing heat- 
resistant insulators (for example, ceramics, such as alumina, glass, etc.) of the dielectric 
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which discharge tends to produce, and the surface (internal surface of the channel 16) of 
each insulating substrates 16 and 17 is coated with the catalyst (not shown) which 
promotes the cleaning reaction of exhaust gas. 

[0017]As shown in drawing 2 and drawing 3, two or more discharge electrodes 18 and 19 
are formed in the inside of each insulating substrates 16 and 17 of a printed conductor or 
plate conducting. As the insulating substrate 16 of the upper surface of each channel 15 or 
the undersurface is shown in drawing 2, it is formed so that two or more band-like 
discharge electrodes 18 may be prolonged at an exhaust gas flow direction and a right 
angle, and each discharge electrode 18 is connected to the connecting terminal section 20 
formed in the left edge part of this insulating substrate 16. This insulating substrate 16 and 
the insulating substrate 17 which counters, As shown in drawing 3. it is formed so that two 
or more band-like discharge electrodes 19 may be prolonged in an exhaust gas flow 
direction and parallel, and the end of each discharge electrode 19 is connected with this by 
the connected conductors 21 formed in one, and these connected conductors 21 are 
connected to the connecting terminal section 22 formed in the right end section of the 
insulating substrate 17. 

[0018]As shown in drawing 1. the connecting terminal section 20 of the insulating substrate 

16 by the side of one side of each channel 15 is connected to the ground side, and the 
connecting terminal section 22 of this insulating substrate 16 and the insulating substrate 

17 which counters is connected to the output terminal of the high-voltage transformer 
assembly 23 which generates the alternating current high voltage of high frequency, for 
example. Thereby, at the time of operation of the high-voltage transformer assembly 23, 
the alternating current high voltage of high frequency is impressed between the discharge 
electrodes 18 and 19 band-like [ two or more ] which counter across each channel 15, and 
discharge occurs in each channel 15. 

[0019]In this case, since the discharge electrodes 18 and 19 of the upper and lower sides 
which counter across each channel 15 are located in a line so that it may see and intersect 
perpendicularly from the upper part, discharge occurs only in the portion (portion which 
saw and overlapped from the upper part) which the up-and-down discharge electrodes 18 
and 19 counter, and discharge does not generate them in the other portion. Thereby, in 
each channel 15, the discharge section A which discharge generates, and the non-discharge 
section B which discharge does not generate are intermingled. According to this 
embodiment (1), as shown in drawing 4, many discharge sections A are arranged with a 
prescribed interval in all directions in the channel 15, and the non-discharge section B is 
formed so that the circumference of each discharge section A may be surrounded. 
[0020]In this embodiment (1) described above, since the discharge section A and the non- 
discharge section B are intermingled in each channel 15 in the diesel-particulate filter 11, 
the exhaust gas which flows through each channel 15, A cleaning reaction is promoted by 
both catalysts of discharge and channel 15 wall in the process in which pass the discharge 
section A and the non-discharge section B, and the discharge section A is passed, and a 
cleaning reaction is promoted by the catalyst in the process in which the non-discharge 
section B is passed. 

[0021]As shown in drawing 6, generally the purification window of the discharge section A, 
Since it exists in a temperature region lower than the purification window of the non- 
discharge section B, in the place of a temperature lower than the purification window of the 
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non-discharge section B, exhaust gas is purified mainly by the discharge section A, and 
exhaust gas is mainly purified by the non-discharge section B on the contrary at the place 
of a temperature higher than the purification window of the discharge section A. Therefore, 
if the discharge section A and the non-discharge section B are made intermingled in each 
channel 15, even if the temperature distribution in the diesel-particulate filter 11 will change 
how, Exhaust gas can be purified by non-either the discharge section A or a discharge 
section B, and an always high purifying rate can be acquired, without seldom being 
influenced by the temperature distribution in the diesel-particulate filter 11. And since it is 
not necessary to turn discharge on and off according to temperature, a temperature sensor 
is unnecessary, composition is easy, and the demand of low-cost-izing can also be filled. 
[0022][Embodiment (2)] In the above-mentioned embodiment (1), since the non-discharge 
section B is prolonged to the both ends of the channel 15 along the exhaust gas flow 
direction as shown in drawing 4, there is a possibility that a part of exhaust gas which 
flowed in the diesel-particulate filter 11 may flow out of the diesel-particulate filter 11 
through the non-discharge section B. 

[0023]By then, the thing which you arrange the insulating substrate 16 of drawing 2 to two 
or more sheet parallel with a prescribed interval, and is made for the discharge electrode 18 
of the upper and lower sides of each channel 15 to counter in the embodiment (2) of this 
invention. As shown in drawing 7, two or more band-like discharge sections A are formed in 
the channel 15 so that it may extend at an exhaust gas flow direction and a right angle in a 
prescribed interval, and the non-discharge section B is formed between each discharge 
section A. 

[0024]In this composition, since the discharge section A and the non-discharge section B 
crossed the channel 15 right-angled and are prolonged to those both the right and left 
ends, all the exhaust gas which flows through the inside of the channel 15 certainly comes 
to pass both the discharge section A and the non-discharge section B, and a higher 
purifying rate can be acquired. 

[0025][Embodiment (3)] in the embodiment (3) of this invention shown in drawing 8 and 
drawing 9 . The insulating substrate 31 is followed alternately, the discharge electrode 32 is 
formed in it, this insulating substrate 31 is arranged to two or more sheet parallel with a 
prescribed interval, and by making the discharge electrode 32 of the upper and lower sides 
of each channel 15 counter, as shown in drawing 9. the discharge section A and the non- 
discharge section B are alternately formed in the channel 15. All the exhaust gas which 
flows through the inside of the channel 15 certainly comes to pass both the discharge 
section A and the non-discharge section B as well as said embodiment (2), and this 
embodiment (3) can also acquire a higher purifying rate. 

[0026][Embodiment (4)] The whole does not carry out the temperature change of the 
diesel-particulate filter uniformly, but there is a tendency for temperature to become high 
rather than a downstream in the upstream part near an engine. Then, in the embodiment 
(4) of this invention, as shown in drawing 10, form two or more band-like discharge 
sections A and the non-discharge section B in the channel 15 so that it may extend at an 
exhaust gas flow direction and a right angle by turns, and. It constitutes from forming the 
width of the discharge section A so that the direction of an upstream part may become 
narrower than a downstream so that the upstream part of the discharge section A may 
become less than a downstream. If it does in this way, exhaust gas can be purified 
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according to the temperature distribution in a diesel-particulate filter, using efficiently the 
discharge section A and the non-discharge section B, and the rate of emission gas 
purification can be raised. 

[0027] [Embodiment (5)] The exhaust gas flow rate in a diesel-particulate filter is not 
uniform, in the center section, it decreases in a periphery, and the center section with many 
exhaust gas flow rates has the tendency for temperature to become high rather than a 
periphery with few exhaust gas flow rates. 

[0028]In consideration of this point, in the embodiment (5) of this invention. As shown in 
drawing 11. form two or more band-like discharge sections A and the non-discharge section 
B in the channel 15 so that it may extend at an exhaust gas flow direction and a right angle 
by turns, and. It constitutes from forming the width of the discharge section A so that the 
direction of a center section may become narrower than a periphery so that the center 
section of the discharge section A may become less than a periphery. If it does in this way, 
it can be made to be able to respond to the temperature distribution which produces the 
ratio of the discharge section A and the non-discharge section B according to exhaust gas 
flow rate distribution, and exhaust gas can be purified, using efficiently the discharge 
section A and the non-discharge section B. 

[0029]Also in this embodiment (5), as well as said embodiment (4), the width of each 
discharge section A may be formed so that the direction of an upstream part may become 
narrower than a downstream, and it may constitute so that the upstream part of the 
discharge section A may become less than a downstream. 

[0030]In addition, this invention is not limited to each above-mentioned embodiment, but 
may change suitably a discharge electrode, and the shape and the arrangement pattern of 
the discharge section A (the non-discharge section B), or may form the channel of exhaust 
gas in honeycomb shape. 

[0031]Although both the discharge section A and the non-discharge section B are coated 
with the catalyst, the non-discharge section B may be coated with a catalyst in each above- 
mentioned embodiment. It may be made to be filled up with the pellet of a catalyst in a 
channel. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
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[Brief Description of the Drawings] 

fDrawinq llT he vertical section front view of the diesel-particulate filter of an embodiment 
(1) 

fDrawinq 21T he cross-sectional view of an insulating substrate 

fDrawinq 31T he cross-sectional view of the insulating substrate of drawing 2. and other 
insulating substrates made to counter 

fDrawinq 41 The top view showing the arrangement pattern of the discharge section A of an 
embodiment (1), and the non-discharge section B 

fDrawinq 51T he outline lineblock diagram of the whole exhaust gas purifying system 
fDrawinq 61T he purification characteristic figure explaining the relation between the 
purification window of the discharge section A, and the purification window of the non- 
discharge section B 

fDrawinq 71T he top view showing the arrangement pattern of the discharge section A of an 
embodiment (2), and the non-discharge section B 

rDrawinq 81T he cross-sectional view of the insulating substrate of an embodiment (3) 
rPrawinq 91T he top view showing the arrangement pattern of the discharge section A of an 
embodiment (3), and the non-discharge section B 

rPrawinq lOIT he top view showing the arrangement pattern of the discharge section A of 
an embodiment (4), and the non-discharge section B 

fPrawinq lllT he top view showing the arrangement pattern of the discharge section A of 
an embodiment (5), and the non-discharge section B 
[Pescription of Notations] 

11 [ ~ Purification housing, 15 / - A channel, 16 17 / ~ An insulating substrate, 18 19 / ~ 
A discharge electrode, 23 / — A high-voltage transformer assembly, A / ~ A discharge 
section, B / -- Non-discharge section. ] ~ A diesel-particulate filter, 12 — An engine (internal- 
combustion engine), 13 — An exhaust pipe, 14 



[Translation done.] 
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